A simple line graph can tell a story of unimaginable tragedies. The population of Ireland increased steadily to reach just over eight million in 1848, then dropped to below six million by 1860. It took a century to return to growth but hasn't recovered to this day. What happened between these two dates was that the island largely living from potato farming was hit by an outbreak of the late blight, a potato disease caused by the oomycete Phytophthora infestans. (Oomycetes or water moulds are a group of single-cell organisms originally described as fungi, but now classified as protists.)
The total loss of the island's main crop, combined with equally catastrophic mismanagement from the 'absentee landlords' and the epidemics sweeping through the starved population, left more than one million Irish people dead. The remainder of the population loss was due to emigration, mainly to North America, which is now home to many more people of Irish descent than their home island.
We would like to think that such events belong to a dark and distant past. It happened just before photography became available to document world events, so we only have sketchy drawings, a few monuments and literary impressions like Liam O'Flaherty's novel Famine as reminders of the tragedy.
However, dangerous plant diseases are still around, and human activities such as globalised trade, large-scale farming and climate change provide new opportunities for pests to wreak havoc.
Rust never sleeps
One plant pathogen that could potentially expose today's world to a global famine is the fungus Puccinia graminis, which causes stem rust in wheat. By sapping the plant's nutrient supply at the stem, the fungus inhibits or stints the growth of the grains. Its spores can be dispersed by the wind over hundreds of kilometres. It spread dangerously in the mid 20 th century, but could be stopped in the 1970s by the widespread use of a resistant wheat cultivar developed by the US agronomist Norman Borlaug In independent efforts, researchers from the USA and Australia identified two genetic traits conferring stem rust resistance to ancient varieties of wheat and transferred these to Man-made changes in environmental conditions are creating new opportunities for pests and diseases to spread to new areas, threatening both crops and wildlife. Vigilance and early intervention are crucial, as the effects on food supplies could very rapidly turn into a catastrophe with global impact. Michael Gross reports.
Pests on the move
Going hungry: The Irish Famine of the 1840s may appear a distant memory, but new strains of the pathogen that triggered it are still emerging and threatening food security. The image shows the Famine Monument at Dublin. (Photo: Professor Colin R. Howard (http://www.colinhoward.co.uk/photography.htm).) commercial strains. Sambasivam Periyannan from CSIRO Plant Industry, Canberra, Australia, and colleagues studied the gene Sr33 from the wild relative Aegilops tauschii, introduced it into bread wheat and showed that it confers resistance to Ug99 and similar pathogens (Science (2013) 341, 786-788). They found that the gene is homologous to a barley gene linked to resistance to mildew.
In a second paper published simultaneously, Cyrille Saintenac and colleagues from Kansas State University, USA, characterised the gene Sr35 from the wheat species Triticum monococcum and found that it too can confer some degree of resistance to the usual crop varieties, which lack this gene (Science (2013) 341, 783-786).
Experts hope that a variety with both these resistance genes could efficiently block the spread of stem rust. Although the protection may not last forever, the simultaneous presence of more than one resistance factor would make it harder for the fungus to evolve countermeasures, buying researchers time to investigate the issue more deeply.
Moving targets
Because of today's globalised trade activity, pests can travel everywhere. And those that affect the most widespread crops also have the advantage that they will find their host species cultivated in many regions around the world. Whether or not they can establish themselves on arrival in a new area depends mainly on the suitability of the climate. And as the climate changes, one can expect that pests will move into new areas as they become hospitable. As temperature increases, climatic zones shift towards the poles, and species are likely to migrate with them.
Dan Bebber and Sarah Gurr at the Universities of Exeter and Oxford, UK, have carried out a meta-analysis of 612 published observations of pests and pathogens to establish if a poleward movement can be observed (Nature Climate Change (2013) http://dx.doi.org/10.1038/ NCLIMATE1990). Such analyses of noisy data are difficult due to a number of confounding factors and possible observational bias, which the authors have addressed in some detail.
For instance, as countries in higher latitudes tend to have more advanced technology and more comprehensive monitoring for pests, the authors argue, an observational bias caused by early reporting in industrialised countries would point in the opposite direction compared to the expected climate-dependent effect, so it cannot produce a falsepositive correlation.
Further complications arise from issues such as geographical barriers and human activities such as deforestation, but overall, the authors come to the conclusion that none of the confounding factors could mimic the effect that climate change might produce. "While land-use change has probably been a stronger driver of twentieth century pest range expansion than climate change, the significant directional shifts are best explained by the global warming hypothesis," Bebber explains. "If there weren't any real climate drivers, we wouldn't expect to find any significant directional signal within the noisy biological data."
In their analyses, the authors find polewards movements for several important pest and pathogen groups. Averaged across the whole dataset, the latitudinal range of the species covered has moved away from the equator at a speed of 2.7 (± 0.8) kilometres per year since 1960. This average speed is faster than the movement observed for wildlife (1.8 km per year), but comparable to theoretical predictions based on temperature changes (2.73 km per year). Thus, in the 53 years since 1960, the pests, in line with the climate zones, will have moved closer to the poles by a total of around 143 kilometres, or 90 miles. (For separate groups, the authors find a variation of movement speeds, including 7.61 ± 2.41 km/year for fungi, 17.78 ± 8.58 for lepidoptera, 12.21 ± 4.33 for coleoptera, 13.71 ± 5.32 for hemiptera, 11.76 ± 4.68 for acari, while for other groups like bacteria, no significant directional shift could be detected.)
In marked contrast to these results, the analyses for nematode pests and viral diseases show a trend of migration towards the equator. The authors note that these two groups lack the ability for airborne distribution, so can only migrate by anthropogenic dispersal, typically through trade and transport. They are also more difficult to identify and monitor, which means that the observation bias towards lower latitudes, as explained above, could be the dominant effect here.
"While anthropogenic introductions are probably the most important cause of pest spread, the available data suggest that climate change is helping pests establish in hitherto unsuitable regions," Bebber concludes. "More intensive tracking of distributions in the future will help to clarify the relative importance of these forces." In a recent review, Gurr and colleagues have surveyed the threats from emerging and spreading fungal diseases both to crops and to wildlife (Nature (2012) 484, 186-194) . While it is common that pathogenic viruses or bacteria and their hosts co-evolve in ways that enable the survival and relatively peaceful co-existence of both -as for instance with the zoonoses that became 'childhood diseases' -fungal diseases have contributed to the extinction of plant and animal species. This paradoxical outcome is possible because these fungi can simultaneously target a wider range of host species, and because the long-term survival of spores in the environment allows them to maintain a dangerous presence even when their hosts become sparse.
Old and new pests
There is a wide range of pests and pathogens that may endanger food security by moving, spreading, or evolving new variants. Commercially important crops for producers in the developing world, such as coffee and citrus fruit, are sensitive to such attacks, as a survey of the alerts issued by the disease database ProMED shows (http://www. promedmail.org/).
The greatest danger to human lives, however, comes from those pests that threaten the world's leading staple crops, including rice, wheat and potato. Among those threats, unfortunately, the species that caused the Irish Famine raises its ugly head again. Although chemicals and resistant variants are available to keep it in check, late blight still causes harvest losses that could feed upwards of 80 million people.
The groups of David Cooke from the James Hutton Institute in Dundee and Sophien Kamoun at the Sainsbury Laboratory at Norwich, UK, have recently analysed the genetic diversity of the European population of the late blight pathogen Phytophthora infestans (PLoS Pathogens (2012) 8, e1002940) . They found that a new lineage, called multilocus genotype (MLG) 13_A2 has rapidly spread across Great Britain, displacing other variants and reaching a 75% share of the pathogen population in only three years.
Cooke and colleagues show that the new strain is highly aggressive in terms of the severity of disease it inflicts on susceptible hosts, that it outcompetes other aggressive strains, and that it can overcome the resistance of some widely used potato cultivars. The authors also reported the full genome sequence of this strain in comparison to an earlier reference genome. They found frequent copy number variations and clues to the genetic foundations of the aggressiveness of the pathogen.
The researchers also discovered novel RXLR effector genes, which are the targets of the R proteins conferring resistance to the host plant. Thus, knowledge of the genome will facilitate breeding of new potato lineages resistant to this particularly dangerous pathogen strain.
Kamoun's group also collaborated with Hernán Burbano and others at the Max Planck Institute for Developmental Biology at Tübingen, Germany, to clarify the genetic identity of the historic late blight pathogen that caused the Irish Famine (eLife (2013) 2, e00731). Comparing genomes of 11 historic strains from herbaria and of 15 modern ones, the authors conclude that the Irish Famine pathogen was a genetically distinct clonal lineage with no direct relation to those found in Europe today. It persisted for around five decades in the 19 th century and was then displaced.
The breeding ground and diversity hotspot for the pathogens is located in Mexico, but the authors conclude from their analyses that the deadly strain originated in a secondary population before conquering Europe.
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